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THE ERUPTION OF DECIDUOUS TEETH 


M. Rosinow, M.D., T. W. RicHarps. PH.D., AND MARGARET 
ANDERSON, M.S.P.H. 


Samuel S. Fels Research Institute, Antioch College, Yellow Springs, Ohio 
(Received for publication, April 17, 1942) 


The literature contains numerous detailed studies on the eruption 
of permanent teeth but comparatively few reports on deciduous teeth. 
In addition, some of these latter studies are quite old, lack adequate 
statistical analysis, fail to state the sources of material or methods of 
data collection. It is, therefore, not surprising that norms published 
in various places show considerable discrepancies. A re-examination 
of this field seemed advisable. 


A. MATERIALS AND METHODS 


A group of presumably normal, healthy white children is being 
observed at the Fels Institute. The children are seen every month up 
to 6 months, every 114 months until 18 months, every 2 months until 
3 years, every 3 months until 6 years. The teeth are examined at 
each visit. In addition, the mothers are asked to record the date 
of eruption for each tooth. This has enabled us to obtain eruption 
dates for 1,980 teeth within +1 month, the great majority of these 
within +1 week. Eruption ages for all 20 deciduous teeth were ob- 
tained on 64 children. Teeth were considered erupted as soon 
as part of the crown had pierced the gum. 


B. RESULTS 


The figures for right and left homologous teeth were combined since 
the differences in eruption times were very small, the means practically 
identical. Frequency distributions were plotted for individual teeth 
of boys and girls. The distributions approximate normal curves. As 
some other distributions of growth variables, they are slightly skewed 
toward the right (the retarded side). Means and standard devia- 
tions are tabulated in Table 1. 


1. Differences between Maxillary and Mandibular Teeth 
Differences between the means of the corresponding upper and 
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TABLE 1 
AGEs In Montus at Wuicu InpivipvaL Decipvous TEETH ERUPT 
Boys Girls 
Mean o CV; CV: Mean o CV: CV: 
Central Incisors 
Lower (L 1) 7.3 1.6 21.8 11.2 7.8 ee | 26.0 
Upper (U 1) 9.1 1.5 17.1 9.6 9.6 2.0 20.4 11.8 
Lateral Incisors 
Lower (ZL 2) 13.0 2.8 21.3 13.8 13.8 3.6 26.5 17.6 
Upper (U 2) 10.4 2.4 Sz 13.9 11.9 2a 22.8 14.4 
Canines 
Lower (L 3) 19.3 2.9 14.8 10.9 20.2 3.4 16.7 
Upper (U 3) 18.9 aa 14.2 10.3 20.1 3.2 15.9 
First Molars 
Lower (L 4) 16.2 1.9 11.5 8.0 15.6 2.2 13.5 9.4 
Upper (U 4) 16.0 72 14.5 10.1 15.7 23 14.1 9.8 
Second Molars 
Lower (L 5) 25.9 3.8 14.6 11.5 27.1 4.2 15.4 12.3 
Upper (U 5) 27.6 4.4 16.0 12.7 28.4 4.3 15.3 12.3 


lower teeth were calculated and the statistical significance of these 
differences (critical ratios) were determined (see Table 2). The 


TABLE 2a 
Sex DIFFERENCES IN AGE OF DecipuoUs TootH ERUPTION 

Mean age in months Difference Critical 
Tooth Girls Boys (2) — (3) ratio* 
(1) (2) (3) (4) (5) 
£7 7.8 5 1.5 
U 1 9.6 9.1 5 1.6 
& 2 13.8 13.0 8 1.5 
U 2 11.9 10.5 1.4 2.8 
3 20.2 19.3 9 1.5 
U 3 20.1 18.9 1.2 2.0 
L4 15.6 16.2 — 6 —1.5 
U 4 15.7 16.0 — 3 — 6 
Ls5 27.1 25.9 1.2 1.4 
U 5 28.4 27.6 8 8 

*Critical ratio— M.—M; 


~ o(Mi:—M:) — 


differences appear significant for central and lateral incisors, doubtful 
or insignificant for canines and molars. 


2. Sex Differences 


Boys were less variable and were advanced in the eruption of all 
teeth except the first molars. Critical ratios are given in Table 2a. 
The frequency distributions for girls were somewhat more skewed 
toward the right than for boys. The sex differences would be even 
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TABLE 2b 

DIFFERENCES IN AGE AT ERUPTION OF UPPER AND Lower Decipuous TEETH 
Mean age in months** Difference Critical 
Tooth Upper Lower (2) -— (3) ratio* 

(1) (2) (3) (4) (5) 
Central incisor 9.4 7.6 1.8 5.2 
Lateral incisors 11.1 13.4 —2.3 —3.8 
Canines B. ‘ 3 —0.5 
First molars 15.8 15.9 —0.1 —0.2 
8 26.5 1.5 1.6 


Second molars 28.0 


**Boys and girls combined. 


smaller if the mode or the median were selected as the measure of 
central tendency. 
3. Variability 
Absolute variability as measured by the size of the standard devia- 
tions, increases roughly with age as might be expected. Coefficients 


o .100 
of variability en were calculated (CV: in Table 1). They 
mean 


show that central and lateral incisors are relatively more variable than 
canines and molars. 

We felt that a better measure of relative variability could be ob- 
tained by using “dental ages” instead of the conventional post-natal 
ages. The anlagen for the deciduous teeth are formed during the 
third month of pregnancy. By counting from this point (i.e., by 
adding 7 months) one obtains “dental ages” and a new series of 
coefficients of variability (CV2 in Table 1). Relative variability 
appears now more uniform for all teeth. The first molars appear to 
be the least variable, the lateral incisors the most variable teeth. It 
is interesting that lateral incisors are also more frequently super- 
numerary, absent or retained in the jaw than any other teeth. 


4. Order of Eruption 


The most common order of eruption was that indicated by the 
sequence of the means (Table 1): 


U; U 2 Is U, 5 
2 | 3 | 7-8 | 5-6 | 10 
1 | 4 | 7-8 | 5-6 9 


ke ae L ik 
This is slightly different from some eruption orders found in the 
literature. Most of our children followed this pattern though varia- 
tions were quite common. Children, the majority of whose teeth 
erupted late, tended to show more variations from the above order 
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than early eruptors. Changes in the order were most frequently 
brought about by the variability of the lateral incisors. Siblings often 
show striking resemblance in their dentition. This suggests that cer- 
tain eruption patterns may be hereditary. 


C. Factor ANALYSIS 


Why do some children erupt their first teeth early and their last 
teeth late or vice versa while others are advanced or retarded through- 
out? Why does the order of eruption vary? In order to answer these 
questions we must know whether the eruption of teeth is governed 
by one or more “dentition factors.” We can then decide whether 
the variations found can be accounted for by the nature of these fac- 
tors or whether they must be explained by environmental influences. 
It was felt that a factor analysis of the eruption ages was the method 
most likely to clarify the problem. 

We used the above mentioned 64 cases (31 boys, 33 girls) in which 
the eruption dates of all teeth were known. The eruption ages were 
intercorrelated (Table 3). Three other developmental variables of 
this age period were included in the analysis in order to find out 
whether a general growth factor or a “maturity factor” was involved. 


TABLE 3 
INTERCORRELATIONS OF AGES AT WHICH TEETH ERUPTED 


1 


Li .66 

U2 82 63 

£ 59 58.49 

U; 73 .68 70 72 

L; 69 67 .67 69 .92 

U, 57 51 47 .40 63 58 

Ly 53 49 46 49 74 71 74 

U; 50 32 46 BR 61 55 64 61 

Ls 52 43 49 38 62 57 4s 67 86 

Ht. .28 Be ae 25 .24 25 22 .26 —.01 03 

OL. 19 17 10 18 .09 18 25 .23 —.03 —.07 By | 

Wk. 18 16 25 —.01 Bi .06 10 11 09 14 03 10 

U; Li U. Lh OU; L; U, Ly UY i @t. OC. We. 

At. Age at which the height of the average 18 months old child was reached. 
Wk. Age at which the child began to walk unsupported. 
Oc. Age at which the child had developed the number of ossification centers seen 


in the X-rays of the average 18 months old child. 
Abbreviations for teeth as in Table 1. 
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These variables were height, skeletal maturity, and onset of walking. 
In order to obtain data comparable to the dentition ages we used: 
(a) the age at which the child first walked unsupported (Wk), (0) 
the age at which it reached the 18 months level of height (Ht), (c) the 
age at which it had developed the number of ossification centers of 
the extremities seen in the X-rays of the average 18 months old boy 
or girl (O.C.). The figures on the last two variables were obtained by 
interpolation. Chronological age was eliminated by employing stand- 
ard scores; sex differences were equalized by using separate means 
and sigmas for boys and girls. 


D. RESULTS 


In the correlation table (Table 3) the teeth are arranged in ana- 
tomical order with the three other developmental variables attached at 
the bottom. The table may be conveniently divided into three areas: 
(a) The three bottom rows. They contain very low, predominantly 
positive coefficients ranging from —.07 to +.32. (6) The square 
bounded by dashes. It contains the correlations between molars and 
incisors. The coefficients range from .32 to .57. They are all posi- 
tive and most of them considerably higher than those in Group 1. 
(c) The area enclosed in the overlapping triangles. These are the 
remaining correlations between the teeth. These coefficients range 
from .49 to .92. Most of them are distinctly higher than those of the 
previous group. 

Thurstone’s centroid method of factor analysis was used and three 


TABLE 4 
Factor LoADINGS AND COMMUNALITIES 
Incisor 

Molar canine Third factor 

factor factor Communalities K; K? 
£3 .94 U1 .70 U 1 74 Ox. —.46 21 
U5 87 U 2 70 £4 .60 At. —.37 13 
U 4 82 £42 .67 U 2 .67 £ Ss —.24 .06 
L4 7 is 65 L2 51 U 5 —.22 05 
U 3 65 U 3 .63 U 3 82 o 2 23 05 
L3 .60 2 61 i 3 78 U 4 23 5 
U1 49 Rt. 42 U4 72 4 22 05 
U 2 44 L4 82 L4 .69 U 3 18 03 
as 39 Oc. 29 U § 76 U 1 15 02 
ae 38 U 4 23 L5 87 gs .09 01 
Wk 1 Wk. 15 At. 17 Ss 07 01 
Rt. 07 LS .03 OL. .10 a .06 00 
0.C U5 02 Wk. 03 Wk. 02 00 


.06 
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factors were extracted. Factor loadings and communalities are pre- 
sented in Table 4. The second factor residuals were so small and the 
third factor loadings contributed so little to the total variance that 
we may neglect this factor. 

Factor I has largest loadings for the posterior, progressively lower 
but still significant loadings for the anterior teeth, no significant load- 
ings on the three remaining developmental variables. It is to a 
certain extent a general dentition factor but it may be conveniently 
named “molar factor.” Factor II has largest loadings on the incisors 
and canines, smaller loadings on height, skeletal maturity and first 
molars, insignificant loadings on the second molars. We have named 
this the “incisor-canine factor.” 


E. Discussion 


Inspection of the factor loadings and communalities reveals two 
interesting facts: 

1. Appearance of ossification centers, height and onset of walking 
show little relation to the two factors. Their contribution to the total 
variance is small (even if the third factor is included in the pattern). 
We may therefore conclude that neither of the dentition factors is 
a general growth or maturity factor and that dentition is a relatively 
independent growth process. The low correlation with the appear- 
ance of ossification centers may at first seem surprising; but it should 
be remembered that bone is derived from mesoderm while teeth are 
at least partly epithelial structures. 

2. The communalities are high. This means that the variability 
of any tooth pair is accounted for largely by its correlation with other 
teeth. Eruption depends comparatively little on conditions unique 
for any individual tooth pair. This has also a bearing on another 
point. It has been pointed out that the eruption of deciduous teeth 
depends not alone on the stage of dental development. Tough gums 
may retard eruption, softening of the gums during acute infections 
is said to accelerate it. The high communalities suggest that environ- 
mental factors are not as important as might be suspected. 

One serious objection may be raised. It could be argued that 
the results are artifacts because a similar two-factor pattern would 
be obtained if any growth variables (for instance, height or weight) 
at successive ages were intercorrelated and subjected to factor analysis. 
This probably is true to some extent; but the resulting distortion can- 
not be severe because in the factor pattern the anatomical order 
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emerged instead of the eruption order. These two differ only in one 
point: the first molars usually erupt after the lateral incisors and 
before the canines. The correlation table and the factor loadings 
show close relations between lateral incisors and canines and between 
first and second molars but much less association between lateral 
incisors and first molars. We feel that this anatomical grouping is 
significant. 

Our confidence in the validity of the dentition factors has been 
supported by the results of a recently completed study, a factor analy- 
sis of the appearance times of ossification centers (1). In that study 
two independent factors were isolated which had no relation at all to 
chronological age or to the sequence of center appearance but which 
had an obvious anatomical and physiological meaning. 

Factor analysis has apparently not been employed in the analysis 
of similar growth data. The significance of our findings consists 
primarily in the fact that factor analysis can add to the understanding 
of biological problems. The heuristic value of the dentition factors 
may be limited because most of the teeth have significant loadings on 
both factors. A single, general dentition factor may prove more use- 
ful in some types of investigation. But the use of one or two factors 
provides a working tool which undoubtedly is more convenient than 
the multiplicity of the original variables and more logical than the 
frequently used “age at which the first tooth appears” or some other 
arbitrary selection. 


F. SUMMARY AND CONCLUSIONS 


1. The eruption ages of deciduous teeth were studied in a group 
of normal children. Means, standard deviations, and coefficients of 
variability were calculated for boys and girls. 

2. Boys were slightly advanced over girls in the eruption of all ° 
teeth except the first molars. The eruption of all teeth was more 
variable in girls than in boys. The lateral incisors were most variable 
in their eruption in both sexes. 

3. Eruption times of the 10 tooth pairs were intercorrelated and 
subjected to centroid factor analysis. Three factors were obtained 
two of which were considered significant. These were called “molar 
factor” and “‘incisor-canine factor.” The significance of these findings 
is discussed. 
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RELATIVE GROWTH AND SCALE CONSTANCY IN THE 
BLACK-FISH (CENTROPRISTUS STRIATUS) 


RussELL A. HUGGINS AND Sara E. HuccIns' 


Western Reserve University, Cleveland, Ohio 
(Received for publication, April 20, 1°42) 


The task of counting and measuring all the scales on different 
sized fish of one species was undertaken with several ends in view, 
first to test whether the number of scales is constant for the particular 
species, over the size range studied, and secondly to locate dominant 
growth centers and to specify growth gradients as they may be deter- 
mined by an application of the relative growth equation 

y = bx 
to the data. 
A. MATERIALS AND METHODS 


All specimens of Centropristus striatus used in this problem were 
obtained near the U. S. Bureau of Fisheries Station, Beaufort, Norta 
Carolina. The majority of the specimens were obtained by trapping 
in Bogue Sound during the summer of 1938. A few, principally larger 
fish were taken in off-shore fishing. Several specimens were taken 
during the two succeeding winters. All specimens were preserved in 
10 per cent formalin and measurements were made only after preserva- 
tion. 

A pair of calipers was used to make the gross measurements and an 
E. R. Bogusch measuring slide was used for the scales. The measure- 
ments were recorded to the nearest millimeter. The scales were 
placed so that the longitudinal axis was parallel to the divisions of 
the slide and the greatest diameters were observed. The body meas- 
urements were taken on the left side of the fish in every case and the 
scales removed were also from that side. 

A series of eight fish were chosen for detailed study. They ranged 
in size from the smallest (72.0 mm.) specimen obtained to the largest 
(324.5 mm.). The time consuming process of pulling and measuring 
prohibited the detailed study of a larger number. The scales were 
pulled and counted only for two additional specimens. The general 
body measurements were taken on 26 specimens. The graphs con- 
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structed, using these data, showed so little scatter that this seemed an 
adequate sample. 

Average numbers of scales were determined and the standard devia- 
tion calculated. As the scales were pulled by separate arbitrary 
areas average numbers and their deviations were determined for some 
of these regions. 

The average size of scales for the above mentioned regions was 
used as a basis for the comparison of scale growth with body growth 
for the underlying region. Double log graphs were constructed com- 
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FIGURE 1 
DIAGRAM, TO SHOW ReEcGIons INTO WHICH THE FISH WERE DIVIDED 


paring average scale growth (Figure 4) and growth of external body 
parts (Figures 2 and 3) with increase in standard length. Values of a 
of the relative growth equation, and its probable error were calculated 
for these relationships and the value of 5 was ascertained in a few 
cases (see Table 4). The arbitrary regions set up to facilitate scale 
study are shown on the diagram of the fish given in Figure 1. Note 
the limited scatter of points in Figure 2. This seems to indicate that 
the regions selected could be determined with reasonable accuracy. 


B. RESULTS 
1. Scale Constancy 


The number of scales found on the left side of each fish studied is 
given in Table 1. 

It may be noted that all fish over 10.00 cm. in length have between 
1,473 and 1,568 scales, the average being 1,519+31.21. If the smallest 
specimen is included, the average is 1,505, with a standard deviation 
of +52.10. 
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FIGURE 2 


GRAPHS OF LENGTHS OF REGIONS SHOWN IN FIGURE 1 


PLotTepD AGAINST STANDARD LENGTIZ 


TABLE 1 


Totat NUMBER OF SCALES ON INDIVIDUAL FIsH 





Standard length 
of fish in cms. 





Total number of 
scales on left side 


Number of scales 
in lateral line 


7.20 1376 44 

10.00 1536 
12.40 1534 47 
14.90 1473 46 
18.05 1568 47 
18.45 1534 49 

19.70 1497 

20.10 1512 
25.80 1545 47 
1471 47 





32.45 


Although the separate regions into which the scales were separated 
were relatively easy to define, and we believe yield a fair approxima- 
tion for average scale sizes, it will be readily understood that the 
number of scales might vary considerably. For example, the average 
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FIGURE 3 
DovusLrE Loc GRAPH OF CERTAIN EXTERNAL MEASUREMENTS PLOTTED AGAINST 
STANDARD LENCTIH 
Depth of body at insertion of dorsal fin 
Depth of body at insertion of ventral fin 
Depth of body at posterior margin of dorsal fin 
Length of pectoral fin 
- Length of pelvic fin 
Length of caudal fin 
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number of scales in the head region is 281 with a standard deviation 
of +11.19 if the smallest specimen is excluded. The average of 
Region e is 352 with a standard deviation of +19.06. 


2. Relative Growth 


As was mentioned above, the scales were removed in separate zones 
to provide relative growth data. The average dimensions for the 
scales of each region for each fish are given in Table 2. The values 
of a for length and width of average scales of each region with respect 
to standard length are given in Table 4. The relative growth constants 
for other external parts are given in Table 3. 
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FIGURE 4 
DovusLe Loc GrapH OF AVERAGE SCALE DIMENSIONS FOR VARIOUS REGIONS 
PLoTTED AGAINST STANDARD LENGTH 


It will be noted that the values of a for scale growth are less than 
cne in most cases, some significantly so. In all but one case the a 
value for width of scales is greater than for length in the same region. 

The values of a for other body dimensions are not far from one in 
most cases. However there are a few which deviate enough to indicate 
that the growth of the fish is not strictly isogonic. There is no 
regular gradient evidenced except that between the fins. That gradient 
is postero-anterior, the values of a being 0.94 for the pectoral fin, 
0.97 for the pelvic fin, and 1.10 for the caudal fin. 
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TABLE 2 
AVERAGE DIMENSIONS OF SCALES FROM VARIOUS REGIONS OF INDIVIDUAL FiIsH 
Standard 
length in mm. 72.0 100.0 124.0 149.5 180.5 184.5 258.0 324.5 
Length i 1.5 1.9 2.6 3.0 2.9 3.8 $2 
a. 
Width ‘ 1.3 1.7 2.5 2.7 FR 3.5 5.0 
Length 1.7 3.0 4.3 4.3 4.8 5.8 7.8 
b. 
Width 1.5 a7 3.4 3.3 4.1 4.9 7.0 
Length 1.2 1.9 1.8 2.8 3.2 3.2 4.4 5.9 
. 
Width 1.0 a7 1.7 2.4 aa 2. 4.0 5.6 
Length aa 25 327 4.6 5.6 5.0 6.5 8.5 
d. . 
Width 1.9 2.3 3.5 4.6 5.4 5.1 6.8 9.2 
Length 2.3 3.0 oa 4.8 5.3 5.2 7.0 9.2 
é. 
Width 2.4 2.8 3.5 4.5 5.2 5.3 7.4 10.2 
Length 1.9 2.8 3.6 4.6 5.3 52 6.7 8.0 
}. 
Width 37 aa 2.9 3.9 4.4 4.3 57 7.2 
Length 2.3 3.1 4.2 5.5 6.0 5.8 7.8 9.6 
” Width 1.9 2.7 3.2 4.2 5.0 48 7.4 8.3 
Length 2.5 3.0 4.0 4.8 5.8 5.5 7.9 9.1 
h. 
Width 1.7 2.0 2.8 3.3 4.0 3.9 5.3 6.6 
Length 2.7 3.3 4.3 5.4 6.0 5.8 8.3 10.0 
i. 
Width 1.8 1.9 2.6 32 3.8 3.7 5.3 6.4 
TABLE 3 
VALUES OF a AND PE ror Bopy Recions WitH Respect TO STANDARD LENGTH 
Region Value of a PE 
Head Length 0.99 +0.01 
Region b 1.11 0.04 
Region c 1.02 0.03 
Region d and e 1.13 +0.02 
Region f and g 0.82 +0.03 
Region hk and i 1.10 0.04 
Depth at insertion of dorsal fin 1.10 +0.02 
Depth at insertion of ventral fin 0.96 +0.02 
Depth at posterior of dorsal fin 0.96 +0.02 
Length of caudal fin 1.10 +0.02 
Length of pectoral fin 0.94 +0.03 
0.97 *+0.02 
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TABLE 4 
VALUES OF a, 4, AND PE ror LENGTH AND WIDTH OF SCALES WITH RESPECT 
TO STANDARD LENGTH 








Length Width 
Region a PEa b a PEs b 

a. 0.98 +0.04 1.02 +0.04 
b. 0.98 0.05 0.97 +0.05 
c. 1.03 +0.05 1.09 +0.04 
d. 0.91 +0.06 1.07 *+0.05 
e. 0.91 0.02 0.21 0.98 +0.03 
a 0.95 +0.04 0.96 +0.03 
g. 0.95 *+0.04 1.00 +0.02 
h. 0.90 +0.02 0.20 0.96 *+0.02 
i. 0.17 0.91 +0.04 


0.89 +0.02 





C. Discussion 


In dealing with the scale ring-age relationship in fish, scales are 
usually selected from the area just above the lateral line on the 
anterior portion of the trunk. It is assumed that, barring accident, 
the scales in this region were developed during the first year of the 
fish’s life and that no additional scales have been added. It is known 
that the number of scales in the lateral line is nearly constant for 
most species of fish. Evidence, however, seems to be lacking to show 
whether or not all the fish of one species have the same number Of 
scales regardless of standard length or age. 

The data presented here, however meager, seem to indicate that 
the number of scales for species of fish, while not constant, has like 
the lateral line count, a narrow range. The smallest specimen studied 
differed from the average considerably, but this might be explained 
in several ways. It is possible that because of their very small size 
some of the scales were overlooked. However, since the next larger 
specimen has its full quota of scales, and the individual scales were 
not materially larger, it seems that the smaller fish may be of an age 
or size that is still adding new scales. The lateral line number bears 
out this idea, being slightly less than average in the 72 mm. fish. 
Since the number of scales found in several sections is below the 
average, e.g., the head has 252 scales to the 281 of the average, and 
Section e has 261 to 352, some addition of new scales is probably 
taking place in widely separated regions simultaneously. 

It has been demonstrated that the body form of teleost fish is not 
absolutely constant (Keys, 1928), so the deviations of a value for 
various regions and organs from one was expected. Although no 
definite gradient is present, the length of the head segment has a 
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lower value of a than most of the other segments. This is similar to 
the growth pattern found in other vertebrates during a late growth 
period. The relatively low values of a for the paired fins as well as 
for the head resembles that found in the ganoid fish Lepisosteus ossius 
and L. platostomus (Huggins and Thompson, in press) although not 
as extreme. No parallel comes to mind for the very low rate of growth 
in Regions f and g. 

Since the double log graphs comparing growth of body dimensions 
with standard length show no definite breaks nor curve it indicates 
that, unlike either the gar (Huggins and Thompson, in press) or the 
spoon-bill (Thompson, 1934), this species of fish has the same growth 
pattern throughout life or at least for the greater portion of its size 
range and thaf all the individuals used in this study are in the same 
growth cycle. 

There is no significant correlation (r = —0.09) between the relative 
growth of the various regions and the growth of the overlying scales. 
The scales are growing less rapidly than the whole body in length so 
that a larger percentage of the surface of each scale must be exposed 
in larger fish. 

There is no definite growth gradient in the case of the scales, only 
a tendency toward an antero-posterior gradient. No gradient is sug- 
gested along the dorso-ventral axis. 

With one exception (Region 5) the scales are all increasing more 
rapidly in width than in length. The average scale for every region 
in the smallest fish is longer than wide. Starting with Section d the 
scales are, proceeding posteriorly and ventrally, increasingly longer 
than wide (see. Figure 2). Sections d and e are so nearly the same 
in length and width that by reason of a higher growth rate along the 
dorso-ventral axis this dimension exceeds the length in fish of 180 
mm. or over. In the more posterior segments the original disparity is 
too great to allow the width to overtake the length in the range of 
fish in this collection, but if much larger fish were procured it would 
presumably do so in all sections. 

This more rapid growth in width may be explained by the fact that 
the anterior, exposed portion of the scale is very thick and spiny 
and probably does not enlarge as rapidly as the other softer, thinner 
margins. The width is increasing rapidly on two margins, therefore, 
and outstrips the length which has only one comparable edge. 

Since scales are not present in early stages of fish development 
(Huntsman, 1918) there must have been a stage in the development 
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of the black-fish during which the a values for scale growth were 
very high. During this period, incidentally, the growth rate along 
the antero-posterior axis of the scales must have been more rapid 
than along the dorso-ventral. Organs which rise relatively late in the 
development of an animal characteristically have a very high growth 
rate at the onset followed by a period when the value of a is 1.00 or 
slightly less (Huxley, 1932). Values of 6 for length of scales in 
Regions e, #, and i are 0.2127, 0.1958, and 0.1712 respectively. Since 
these represent values 15-20 per cent of the total of a fish 1 mm. in 
length, it must be assumed that for some period of development the 
scales were growing much more rapidly than in the present size range, 
since a higher a value having a greater slope denotes a } value of a 
much more reasonable proportion. 


D. SUMMARY 


Growth in most regions of the black-fish, Centropristus striatus, is 
heterogonic but not markedly so. No definite gradients were demon- 
strated. 

The scales of practically all regions are growing less rapidly than 
the body as a whole and with no significant correlation to their under- 
lying regions. As with the body regions no gradient was noted. 

The number of scales on the black-fish is not absolutely constant 
but seems to have a narrow range. 
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ATTEMPTS AT CULTURING PARAMECIUM MULTIMICRO- 
NUCLEATUM IN CELL-FREE MEDIA 


GRACE MEDES AND ANNA K. STIMSON 


The Lankenau Hospital Research Institute, Philadelphia, Pennsylvania 
(Received for publication, March 25, 1942) 


Although various animals such as rats and mice have been main- 
tained on synthetic diets of highly purified substances, little progress 
has been attained in employing these methods with lower forms. Nu- 
merous efforts have been made, especially with protozoa. Their use- 
fulness in fundamental metabolism experiments is obvious. 

The forms with which the attempts have been most successful 
belong to the Class Mastigophera, lying in the border-area between 
plants and animals, and containing many species distinctly plant-like 
in character. A number of these green flagellates have been cultured 
in media of inorganic salts——Euglena gracilis (Pringsheim, 1912; 
Drusi, 1933; and Hall and Schoenborn, 1939); Chlamydomomas 
agloéformis and Haematococcus pluvialis (Lwoff and Lwoff, 1929); 
Euglena stellata, E. klebsii, E. anabaena (Dusi, 1933a); Chlorogonium 
elongatum and Chilomonas euchlorum (Loefer, 1934); Lobemonas 
piriformis (Osterud, 1938); Euglena anabaena (Hall, 1938) and 
Chlorogonium euchlorum (Hall and Schoenborn, 1938). According to 
Lwoff (1923), many related species require nitrogen in the form of 
amino acids, and still others demand nitrogen in peptone form. These 
same flagellates, when maintained in the dark, frequently need more 
complex nitrogenous foods than when cultured in the light. 

Similar gradations are found among the colorless flagellates, though 
for the most part they, like holophytes deprived of light, require either 
amino acids or peptones in the media. A notable exception is Chil- 
omonas paramecium, which has been successfully cultured by Mast 
and Pace (1938) with nitrogen in the form of ammonium salts and 
carbon as acetate or butyrate. 

Infusoria have not as yet been grown in these simple media,—in 
fact, only a few instances are reported of raising them without the 
presence of other living forms. In the successful attempts, peptones 
or/and autolysates of bacteria, yeast, or liver have been employed 
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(Lwoff, 1923; Butterfield, 1929; Hetherington, 1933; Elliott, 1933; 
Loefer, 1934; Johnson, 1935; and Hall and Elliott, 1935). 

Dead bacteria or yeast introduced into the media have not proved 
substitutes for living cells as the source of food, although Glaser and 
Coria (1935) found that Paramecia could be cultured on either dead 
yeast or dead bacteria if liver extract and pieces of sterile rabbit 
kidney were also supplied, and Leslie (1940) reported that Para- 
mecia would utilize dead bacteria provided living bacteria were 
present. Both these experiments indicate that vitamins may be the 
missing factors in experiments with purified foods and suggest that 
vitamins as well as complex nitrogenous molecules may be supplied 
in the various media containing peptones and hydrolysates. Hall 
(1938) carried Colpidium campylum through six transfers with good 
growth by adding pimelic acid to a gelatine-dextrose medium. Elliott 
(1939) obtained excellent growth of Colpidium striatum in a previ- 
ously heated peptone medium when crystalline thiamin chloride was 
added, but failed to do so in its absence. Riboflavin or pyridoxine 
could not replace thiamin. 

The present experiments are concerned with Paramecium multi- 
nucleatum. Paramecium was chosen since its large size and ready 
availability render it especially valuable as a laboratory instrument. 
In its natural habitats it is holozoic, utilizing bacteria, yeast, or small 
infusoria or flagellates. 

Loefer (1934) raised Paramecium bursari in a synthetic peptone 
medium. Since it has been shown that the holophytic Mastigophera 
tend to utilize simpler nitrogenous compounds than can the holozoic 
forms, it is possible that this green holotrych is more easily cultured 
in synthetic media than are the colorless Paramecia. 

The general plan of the experiment was to find a cell-free medium 
on which Paramecia could be cultured, then to attempt substitution of 
amino acid mixture for the protein constituent, and finally by sub- 
sequent withdrawals to determine which are essential. 


EXPERIMENTS WITH Hay INFUSION 


As a preliminary step in obtaining a pure culture of Paramecia, a 
stock was started in a medium which was known to support them 
freely. For this purpose a hay infusion with added peptone and 
pieces of suet was used. Euglena viridis and other microscopic forms 
were present. After a healthy growth of Paramecia was obtained, some 
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of the medium was employed in attempting to raise these ciliates in 
cell-free portions. The accessory substances which were added in some 
of the experiments recorded below are: thiamin chloride, riboflavin, 
pantothenic acid, pyridoxine, inositol, nicotinic acid, 8-alanine, and 
para-amino benzoic acid. Ascorbic acid, pimelic acid, and later indole 
acetic acid were also introduced. At the time of these experiments 
biotin was not available in pure form and hence was not included. 
This group of accessory substances is referred to below as the “vitamin 
complex.” 

Paramecia were freed of contaminating bacteria by the Glaser and 
Coria (1930) technique of migration through pipettes and the bacteria- 
free Paramecia were finally transferred to portions of the filtered 
medium, which was further treated as described below. 

(a) Medium autoclaved. Repeated attempts were made at cultur- 
ing sterile Paramecia in this medium, but in no case did the animals 
survive longer than 24 hours and division never occurred. This 
medium was not rendered toxic in the sterilization process since if it 
became contaminated with bacteria, Paramecia could grow indefinitely. 

(b) Medium with the vitamin complex added and autoclaved. No 
difference between length of survival in this medium and that without 
addition of the vitamin complex could be observed. 

(c) Medium autoclaved and the vitamin complex added. This me- 
dium supported Paramecia for 24 hours,—occasionally two or three 
days. 

(d) Medium passed through a Berkefeld filter. A few animals will 
survive over night in sterile culture, but will not live more than 24 
hours. No cell divisions occurred. 

(e) Medium passed through a Berkefeld filter and the vitamin com- 
plex added. Survival was somewhat longer, but usually not more than 
30 hours. 

(f) Medium with pulverized yeast extract tablets (Harris) added 
and passed through a Berkefeld filter. Paramecia lived up to five days 
and some divisions took place. 

(g) Addition of solid particles and the vitamin complex to the sterile 
medium. Since these animals normally ingest food in the solid state, 
it was suggested that the presence in the medium of particles which 
the Paramecia could ingest might induce more rapid vacuole forma- 
tion. A number of substances were tried. Addition of finely divided 
carbon to the medium after the latter had passed through the Berke- 
feld filter prolonged life, three days being attained in a number of 
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instances. When cholesterol or stearic acid was substituted, the ani- 
mals survived five days and in some instances underwent two divisions. 

Thus it may be seen that Paramecia multinucleata could not be 
cultured in a cell-free medium which would support them when other 
forms, bacteria and various smaller protozoa were present. This 
medium could not have been toxic, as luxuriant growth ensued when- 
ever contamination occurred. There was a slight tendency to a longer 
period of survival when the vitamins enumerated above were added, 
but some essential factor must have been destroyed in autoclaving, 
as this process always resulted in shorter survival. As the prolong- 
ation of life was but slight at best, it seems probable that some other 
factors, possibly additional vitamins of the B complex, were lacking 
in all the experiments. Solid particles in the medium resulted in 
better growth, even though the particles were totally inert, as in the 
case of carbon. Cholesterol and stearic acid were slightly more effec- 
tive than carbon, and hence may have contributed something to the 
food value of the medium. 


EXPERIMENTS WITH SYNTHETIC MEDIA 


The synthetic media were made up of combinations of three solu- 
tions: (@) salt solution; (6) amino acid mixture, and (c) vitamin and 
other accessory substances in solution. 

(a) The salt mixture contained the following ingredients: 


g. 
K.HPO, 0.0 
NaCL 0.03 
MgSO, 0.015 
Ca(NO,). 0.15 
FeSO, trace 


To these was added 0.750 g. dextrose, and the whole made up to one 
liter. 

(6) The amino acid mixture contained the following in 100 ml. of 
water: arginine, leucine, iso-leucine, lysine, threonine and proline, 
0.2 mM each; phenylalanine and methionine, 0.15 mM each; valine, 
0.1 mM and tryptophane and histidine. HCl, 0.03 mM. 

(c) The vitamins and other water soluble accessory substances were 
also made up in aqueous solution, about 0.1 mg. of each to 100 ml. 
solution. 

Before each experiment, a and 5 were mixed in the proportion of 
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10 ml. of a to 5 ml. of 4 and autoclaved. Into this sterile solution a 
few drops of c were added through a Berkefeld filter. Solid particles 
of cholesterol and stearic acid were finally introduced. 

When the medium was prepared as described above, Paramecia did 
not survive more than 24 hours, and did not undergo division. 

When powdered B concentrate (Harris) was substituted for the 
individual components of the B complex listed above, the Paramecia 
lived up to three days and occasionally underwent division. 

When the powdered B concentrate (Harris) was added before auto- 
claving, life was not supported longer than 24 hours. 

Thus it appears that here also, the evidence seems to point to 
the conclusion that some essential factor present in the concentrate 
was lacking to the mixture of crystalline vitamins and that this factor 
is thermolabile. But because of the brief survival even when the con- 
centrate was present, it must be concluded that some other essential 
substance was lacking. 
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HETERAUXESIS OF VITAL AND REDUCIBLE PORTIONS 
OF THE RAT* 
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It is customary to consider an organism as being composed partially 
of living protoplasm and partially of non-living, non-protoplasmic 
substances, and attempts, not largely successful, have been made to 
determine the relative amounts and chemical compositions of these 
two hypothetical divisions of the organisms. It is fundamental to 
the studies of growth and nutrition that a division of the organism also 
be made into the part necessary for its life and into the part normally 
in excess of the minimum requirements for its existence. These 
divisions are real and may be approximated, respectively, by the amount 
of the organism present at the time of its death from inanition and by 
the amount of the organism lost during the period of inanition. The 
part necessary for its existence, for which the term “vital portion” is 
suggested, does not include all of the normal complement of living 
protoplasm of the organism, since loss of protoplasm occurs during 
extended periods of inanition without loss of life. Nor does it exclude 
all of the non-living, non-protoplasmic materials, since portions of thede, 
e.g., extra-cellular water, deposited minerals, etc., are necessary for 
the physiological balance and morphological integrity of the organism. 
The part of the organism in excess of the minimum amount necessary 
for its existence, for which the term “reducible portion” is suggested, 
includes, for the same reasons, both portions of the living protoplasm 
and of the non-living, non-protoplasmic materials normally present. 

In addition to the vital and reducible portions of the organism there 
is a vital and a reducible portion of each of its essential chemical 
constituents, which may be approximated, respectively, by the amount 
of the chemical constituent present at the time of death from inanition 
and by the amount of the constituent lost during the period of inanition. 
It is conceivable that by varying the inanition diet, e.g., by restricting 
in the diet only the constituent considered, the reducible portion of the 
constituent may be found to be larger and the vital portion smaller 


*Thesis submitted to the Graduate School of the University of Maryland in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
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than these respective portions as determined by the effects of a complete 
inanition diet, since on a complete inanition diet death may occur due 
to the insufficiency of an essential chemical other than the particular 
constituent under consideration. 

The vital portion of fat, while quantitatively equal to the “élément 
constant”, the term applied by Terroine (7) and others to the amount 
of fat present in the tissues of animals which have died from starvation, 
does not have the same significance, since the élément constant is con- 
sidered to represent the essential fatty component of the protoplasm and 
such import is not attached to the vital portion of fat. The latter 
represents simply that portion of the total fat beyond which amount 
further reduction cannot take place without resulting in death, and does 
not necessarily. include all of, nor is it confined to, the fatty component 
essential to the initial volume of the protoplasm. The ‘élément 
variable”, the term applied to the reserve fat which is variable in 
amount depending on the state of nutrition of the animal, is likewise 
equal in quantity but not in meaning to the reducible portion of fat, 
since the latter may contain some of the essential fatty components of 
the protoplasm. 

Since, in general, the concentration of each chemical constituent of 
an organism varies with its growth, it is presumable that the concentra- 
tions of the reducible and vital portions of a constituent also vary with 
the growth of the organism. It is of interest, as well, to determine the 
variations in the concentrations and in the chemical compositions of the 
whole vital and of the whole reducible portions of the organism with 
growth. Huxley (3) demonstrated a relation between the growth of a 
part and the growth of the whole organism varying in relative size. 
The relation is expressed by the equation: y = bx*, where y is the size 
of the part, x the size of the whole organism, the constant representing 
the fraction of x which y occupies when x is unity, and & the ratio of the 
growth rate of the part to the growth rate of the whole—the constant 
differential growth ratio. The equation also may be written log y = 
k log x + log b, and if the variables show this relationship they will fall 
on a straight line when plotted logarithmically. Teissier (6) first 
applied Huxley’s relation to the chemical development of organisms, 
and found it was obeyed in all cases tested. Needham (5) applied the 
relation further and stated that, “so far practically all cases of chemical 
‘growth’ give linear plots on the double logarithmic grid.” While the 
customary logarithmic plot affords a visual test of the degree of correla- 
tion between the two sides of the equation, its usage is superfluous in 
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this respect, since final reliance must be placed upon the mathemati- 
cally derived coefficient of correlation. 


EXPERIMENTAL 


Forty-four male albino rats from Wistar stock maintained on a 
supermaintenance diet, ranging from 18 to 97 days in age and from 
approximately 20 to 300 gm. in weight, were separated into three sets 
comparable in age and in weight and were maintained at 28°C. One 
set was killed for analysis, a second set was placed on a food depriva- 
tion diet until death, and the third on a food and water deprivation diet. 
Each rat was confined in a separate mesh bottom cage to prevent 
coprophagy, cannibalism, and the initiation of autophagia by wounding 
(4). Gastro-intestinal contents were removed upon death and carcasses 
weighed. Water content and amount of dry substance were measured 
by drying to constant weight at 100° C.; amount of fat, by ether extrac- 
tion; and mineral content, by ashing at red heat until all traces of car- 
bon were removed. Protein content was estimated by subtraction of fat 
and ash contents from the amount of dry substance, the error due to the 
inclusion of carbohydrates being little greater than the error made by 
estimation of protein content from measured nitrogen. The results of 
the analyses are presented in Tables 1 and 2. 














TABLE 1 
THE CHEMICAL COMPOSITION OF RATS ON A SUPERMAINTENANCE DIET 
Age Total Water Fat Minerals Protein 
days weight gm. gm. gm. gm. 
20 38.24 27.32 3.43 1.13 6.36 
26 56.22 39.74 4.80 1.80 9.88 
36 82.05 55.63 8.66 2.54 15.22 
48 91.28 62.85 7.15 3.21 18.07 
53 115.50 80.95 7.07 4.03 23.45 
58 135.49 86.74 18.65 4.21 25.89 
63 154.82 102.75 15.80 5.38 30.89 
68 175.88 117.72 16.25 6.11 35.80 
83 193.98 130.41 15.98 6.73 40.86 
89 218.14 136.31 31.20 6.84 43.79 
92 236.99 152.79 28.37 7.48 48.35 
93 255.93 171.43 21.77 8.54 54.19 
94 274.89 181.54 24.62 9.74 58.99 


97 296.80 195.07 31.38 9.59 60.76 





The data from the two sets of starved rats, both with and without 
water, are grouped together in deriving the equations for the vital 
and reducible portions of the chemical constituents, since the number 
of terms obtained are insufficient to calculate with significance the 
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differences in the differential growth ratios as produced by starvation 
with and starvation without water. The effect of the difference in the 
extent of dehydration between the two groups (the results indicating 
a greater dehydration in the groups without water) is sufficiently 
compensated by the greater number of terms supplied by the grouping, 
and the greater number of terms thus rendered available decreases 
the errors of the statistical data of the other chemical constituents. 
The fat contents of four of the starved rats, which died with large 
amounts of fat remaining (approximately 3 to 11 per cent of their final 
weight), are omitted from the computation of the equations due to their 
excessively high values. The slight utilization of fat during starvation 
in these rats did not affect the losses of the other chemical constituents 


TABLE 3 
STATISTICAL DATA OF CHEMICAL HETERAUXESIS OF THE RAT 


Correla- r Corrected 











Standard _ tion for 
Standard error of Coefficient, Standard fewness of 
Element Log b k error of k estimate r errorofr terms, 7? 
Whole element—Whole weight 
Water —0.171 0.954 0.012 0.026 0.999 0.0005 0.999 
Protein —2.172 1.111 0.013 0.029 0.999 0.0005 0.999 
Fat —2.834 1.099 0.094 0.206 0.953 0.0247 0.949 
Minerals — 3.606 1.039 0.023 0.053 0.997 0.0019 0.996 
Vital portion of element—Whole weight 

Water +0.259 0.759 0.024 0.099 0.984 0.0060 0.983 
Protein —1.813 0.951 0.022 0.090 0.992 0.0029 0.992 
Fat —2.549 0.518 0.041 0.156 0.928 0.0274 0.925 
Minerals —3.492 0.984 0.019 0.078 0.995 0.0020 0.995 
Total vital 

portion +0.329 0.817 0.020 0.093 0.989 0.0040 0.989 

Reducible portion of element—Whole weight 

Water —2.98 1.32 
Protein —5.32 1.51 
Fat —3.27 1.17 
Minerals —7.24 1.38 
Total reducible 

portion -——2.510 1.331 0.032 0.129 0.992 0.0029 0.992 

Vital portion of element—Whole vital portion 
Water —0.052 0.930 0.008 0.028 0.999 0.0005 0.999 
Protein —2.164 1.156 0.016 0.053 0.997 0.0010 0.997 
Fat —2.360 0.628 0.056 0.174 0.910 0.0337 0.907 
Minerals —3.828 1.190 0.027 0.090 0.993 0.0027 0.992 
Reducible portion of element—Whole reducible portion 

Water —0.51 1.00 
Protein —2.47 1.14 
Fat —1.07 0.88 


Minerals —4.64 1.04 
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or the general characteristics of inanition. The equation for the 
reducible portion of each of the chemical constituents is derived from 
the equations for the total constituent and the vital portion of the con- 
stituent. Table 3 summarizes the statistical data governing the equa- 
tions: the constants & and /og b, the standard error of k, the standard 
error of estimate, the correlation coefficient 7, the standard error of r, 
and the correlation coefficient corrected for fewness of terms. 

All of the elements give straight lines when plotted against body 
weight on a double logarithmic scale; however, the high correlation be- 
tween the two sides of each of the equations as shown by the coefficients 
of correlation (Table 3) exhibits in all cases a high degree of con- 
formation to Huxley’s formula and a consequent linear logarithmic 
relationship, which makes superfluous the straight line logarithmic plot 
test. Since the growths of the vital portions of water and of protein 
show higher correlations with the growth of the vital portion of the 
organism than with the growth of the whole organism, and since the 
growths of the vital portions of fat and of minerals show higher cor- 
relations with the growth of the whole organism than with the growth 
of the vital portion of the organism (Table 3), it may be considered 
that the amounts of the vital portions of water and of protein, as 
measured by inanition, are less affected by the original weight of the 
organism than by the extent of inanition, while the amounts of the vital 
portions of fat and of minerals are determined to a greater extent by 
the original weight of the organism than by the weight of the organism 
after inanition. 

Since the constant differential growth ratios—the ratios of the 
growth rates of the parts to the growth rate of the whole—of the total 
water, fat, and mineral constituents are less than unity in the case of 
water and greater than unity in the cases of fat and minerals (Table 3), 
they agree with the consensus of opinion; namely, that with growth an 
organism becomes increasingly dehydrated, fatty, and mineralized. 
Although the problem of variation in total protein concentration with 
growth has been generally overlooked, the value of the differential 
growth ratio of protein (Table 3) indicates that one of the most pro- 
nounced changes in the chemical concentration of rats during the life 
span under consideration, i.e., from shortly before weaning to maturity, 
is the increasing protein concentration. The differential growth ratio of 
protein is significantly higher than the differential growth ratio of 
minerals, although calculations from the results of work done on other 
animals indicate that the relation between the growth rates of protein 
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and minerals differs with the organism studied, and that the differ- 
ential growth ratio of minerals exceeds the differential growth ratio 
of protein in several species of mammals. For the considered life 
span of rats the difference between the differential growth ratios of 
protein and fat is insignificant. This, of course, varies with the condi- 
tion of nutrition, since the food intake may be insufficient to permit 
an increase in the differential growth ratio of fat and yet amply 
sufficient to permit an increase in the differential growth ratio of 
protein. 

The vital portion of the organism and the vital portion of each of its 
chemical constituents considered, viz., water, protein, fat, and minerals, 
increase in amount but decrease in concentration with growth, as the 
differential growth ratios of these elements are positive but are less 
than unity (Table 3). Since the differential growth ratios of the 
reducible portion of the organism and of the reducible portion of each 
of its chemical constituents considered are greater than positive unity, 
these elements increase both in amount and in concentration with 
growth. Accordingly, the vital fat or élément constant, as measured by 
the amount of fat present in the tissues of rats which have died from 
starvation, increases in amount but decreases in concentration with 
growth, while the reducible fat or élément variable, as measured by 
the amount of fat lost from the tissues of rats which have died from 
starvation, increases both in amount and in concentration with growth. 

Computations from the derived equations show that in three-months- 
old rats weighing approximately 280 gm., and consisting of approxi- 
mately 65.0 per cent water, 21.3 per cent protein, 10.3 per cent fat, and 
3.4 per cent minerals, the whole vital portion composes about 48.6 per 
cent of the organism, the vital water about 33.0 per cent, the vital 
protein approximately 12.3 percent, the vital fat approximately 0.5 
per cent, and the vital minerals approximately 2.8 per cent. In rats 
of this size, the whole reducible portion composes about 51.4 per cent 
of the organism, the reducible water about 32.0 per cent, the reducible 
protein approximately 9.0 per cent, the reducible fat approximately 
9.8 per cent, and the reducible minerals approximately 0.6 per cent. 
The vital water is approximately 50.7 per cent of the total water, the 
vital protein is approximately 57.8 per cent of the total protein, the 
vital fat is approximately 5.0 per cent of the total fat, and the vital 
minerals are approximately 81.4 per cent of the total minerals. 

The differential growth ratios of the vital portions of the chemical 
constituents to the whole vital portion of the organism (Table 3) show 
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that the vital portion of the organism becomes more concentrated in 
minerals and in protein content and less concentrated in water and in fat 
content with growth, the greater increase occurring in the concentra- 
tion of minerals and the greater decrease occurring in the concentration 
of fat. The differential growth ratios of the reducible portions of the 
chemical constituents to the whole reducible portion of the organism 
show that with growth the whole reducible portion becomes more con- 
centrated in protein and in mineral content (the greater increase 
occurring in the concentration of protein) and less concentrated in fat 
content, while the concentration of water remains approximately 
constant. 

With growth the increasing concentration of total protein which is 
largely living, protoplasmic material, reflects an inherent characteristic 
of the organism, since the protein undergoes a greater increase in 
concentration in the vital portion than in the reducible portion of the 
organism, as indicated by the constant differential growth ratios 
(Table 3). With the growth of the organism, the increasing con- 
centration of total minerals, which are largely non-living, non-proto- 
plasmic materials, is also fundamental to the organism, since the 
minerals undergo a greater increase in concentration in the vital portion 
of the organism than in the reducible portion, the differential growth 
ratio of which is approximately the same as in the whole organism. 
In contradistinction, the increasing concentration of total fat with 
growth, which is likewise largely non-living, non-protoplasmic material, 
is not intrinsic, since the fat undergoes a greater decrease in concentra- 
tion in the vital portion than in the reducible portion. Paradoxically, 
although the whole rat becomes more fatty with growth, the concentra- 
tions of fat in’ both the vital and reducible portions decrease. This 
is due to an increase with growth in the percentage volume of the 
reducible portion of the rat, which has the greater concentration of fat, 
sufficient that, although the concentrations of fat in the whole reducible 
and vital portions decrease with growth, the concentration of fat in 
the whole rat increases. With growth the decreasing concentration of 
water in the whole organism is due to the decreasing concentration of 
water in the vital portion alone, since the concentration of water in the 
reducible portion of the organism is approximately constant. 

If the differential growth ratios of the chemical constituents are con- 
sidered in relation to the differential growth ratio of the protein 
(Table 3), it is apparent that the fundamental change in the relative 
concentrations of the chemical constituents with growth is that of 
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dehydration. This is true of the reducible portion as well as of the 
vital portion and of the whole organism, the relative dehydration, how- 
ever, occurring most rapidly in the vital portion. While both the vital 
and the reducible portions undergo chemical maturation, the changes 
of dehydration, mineralization, and proteinization coincident with 
growth are situated to a greater extent in the vital portion. 

In three-months-old rats, as computed by the derived equations, the 
whole vital portion consists of approximately 68.0 per cent water, 25.3 
per cent protein, 1.1 per cent fat, and 5.6 per cent minerals, and the 
whole reducible portion consists of approximately 62.3 per cent water, 
17.5 per cent protein, 19.0 per cent fat, and 1.2 per cent minerals. On 
a fat-free basis, the body of a rat of this size contains approximately 
72.5 per cent water, 23.7 per cent protein, and 3.8 per cent minerals; 
its vital portion contains approximately 68.7 per cent water, 25.6 per 
cent protein, and 5.7 per cent minerals; and its reducible portion con- 
tains approximately 76.9 per cent water, 21.6 per cent protein, and 1.5 
per cent minerals. While on a whole weight basis the vital portion 
of the rat contains proportionately more water than the reducible 
portion, on a fat-free basis the situation is reversed, in that the vital 
portion of the organism contains proportionately less water than the 
reducible portion. 

As can be seen from these calculations of the chemical composition 
of the whole organism and of its whole vital portion, concentrations of 
minerals and protein increase during starvation, and concentrations of 
fat and of water, fat-free basis, decrease. Except for fat, changes in the 
concentrations of the major chemical components during starvation 
resemble the changes which occur during growth, and in the growth of 
rats which are not on a replete diet, and in which the concentration of 
fat decreases, there is a closer parallel. Calculations from the equations 
show that the concentrations of protein, water, and mineral constituents, 
fat-free basis, of well-fed adult rats, correspond to the concentrations 
of these components of starved rats of the approximate ages of only 
7 weeks, 7 weeks, and 3 weeks, respectively. That the changes in the 
relative concentrations of the chemical constituents during growth 
should resemble the changes which occur during starvation, is due to 
the removal of the chemically younger reducible portion during starva- 
tion. The chemical maturation of the reducible portion during growth 
lags behind the aging of the vital portion, so that the vital portion of a 
younger animal resembles in chemical concentration a much older whole 
organism. While the chemically younger reducible portion is not re- 
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moved in growth as it is in starvation, there is apparently a selective re- 
tention of the chemical constituents in the whole organism resulting in 
changes in chemical concentration similar to those which occur during 
starvation. 

In concordance with Barlow (1), the older and heavier rats lived 
longer during starvation (Table 2), and, with Chanutin and Silvette 
(2), the percentage loss of weight over a given period of time was 
greater in the heavier rats. In addition, the percentage loss of weight 
for the whole period of starvation (the reducible portion) showed a 
general increase in heavier rats (Table 2). That survival time and 
percentage loss of weight during inanition increase with growth may be 
attributed to several factors. First, the general decrease in rate of 
metabolism, the older and heavier individuals using their stored 
materials less rapidly. Secondly, the gradual increase in concentration 
of fat and organic material. Thirdly, the increase in concentration of 
fixed base, especially calcium content of the skeleton, causing a greater 
resistance to acidosis with age. And fourthly, as demonstrated by 
Wilson, Levine and Rivikin (8), the increasing threshold of ketosis, in- 
dicating that with growth ketosis during starvation decreases with the 
same proportionate metabolism of fat. 

With the assumption that the rate of loss of weight with respect tc 
time is approximately proportional to the weight at that time, the loss 
of weight per unit of time with respect to the original weight, viz., 
percentage loss of weight per hour, can be taken as an indication of the 
rate of loss of weight. Thus measured, the average rate of loss of 
weight during inanition decreased with the growth of the rats (Table 2). 
With the decrease in the rate of loss of weight with growth, there is 
a resultant lessening of the strain on the maintenance of physiological 
equilibria during starvation, which is evidently an additional cause of 
the increases in survival time and percentage loss of weight with growth. 
Death during starvation cannot be directly attributed to loss of body 
substance since the loss of all constituents was considerably less in the 
younger rats. Unpublished results of the author show that, although 
there is a greater rate of loss of weight in rats at a lower subcritical 
temperature, there is a shorter length of life and a smaller loss of body 
constituents during inanition. The shorter survival time during inani- 
tion in the younger rats and at the lower temperature is presumably 
due to the greater strain on the maintenance of equilibria imposed by 
the more rapid loss of weight. Apparently, death during starvation 
results, as it may under all conditions, from loss of the ability to 
maintain physiological equilibria. 
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SUMMARY 


The vital portion of an organism or of one of its chemical con- 
stituents is defined, respectively, as the part of the organism or of the 
constituent necessary for the maintenance of life, and the reducible 
portion as the part in excess of the minimum requirements for the 
existence of the organism. While both the vital and reducible portions 
of the organism and of its chemical constituents increase in amount with 
growth, the vital portions decrease and the reducible portions increase 
in concentration. Accordingly, this applies to the so-called éléments 
constant and variable of fat. 

Dehydration, mineralization, and increasing protein concentration 
occur more rapidly in the vital than in the reducible portion, and are 
intrinsic to the process of growth. The tendency of rats to become 
more fatty with growth while on a supermaintenance diet is deceptive 
since the concentration of fat in both their vital and reducible portions 
decreases. 

Due to the removal of the chemically younger reducible portion, the 
chemical changes associated with starvation are, with the possible ex- 
ception of fat, similar to those of growth. The average rate of loss of 
weight during the period of inanition decreases with growth and is 
presumably a factor in the increases with growth of the survival time 
and loss of body substance during inanition. 
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Because of the great size range available, the various species of gar 
are particularly good material for the study of relative growth. There 
are three species represented in the Illinois River; Lepisosteus plato- 
stomus, the short-nosed gar; L. osseus, the long-nosed gar; and L. 
tristaceous, the alligator gar. All specimens used in this study were 
taken from that river and some members of each species are repre- 
sented. Another species, Lepisosteus productus, the spotted gar, is 
present in Illinois. However, since this species, in general, prefers 
clear lakes it was not included in the present collection. 

It seems wise to include a very brief, generalized sketch of the life 
history and anatomy of the gars in the introduction in order to pro- 
vide a background for the later discussion. 

The length of the young at the time of hatching is about 8 mm. 
They bear at this time a large yolk sac, have little or no lower jaw, a 
tail of a very primitive form sometimes designated as protocercal, 
and in general bear little resemblance to the adults. The end of the 
upper jaw bears a hoof shaped depression surrounded by suckers used 
to attach the animal near the surface of the water. This disappears 
at about two weeks and is represented by a fleshy knob. By this time 
the yolk sac is absorbed and the young gar is eating other small fish 
which it catches and holds with its sharp teeth. 

Modification of the tail begins on the second day when the pos- 
terior end of the chorda turns slightly upward. Later, rays are 
formed in the fin-fold below the notochord and some little distance 
from its posterior end. As these rays become larger and movable, the 
end of the notochord assumes an increasingly greater angle to the 
main body axis. By the time the fish reaches 40 mm. the notochord 
has formed a separate lobe which is capable of very rapid vibration 
independent of the caudal fin which has now fully formed below. 
This lobe is designated as the urostyle loses its mobility at about the 
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time the fish reaches 90 mm. in length, after which time it is partially 
resorbed. The time of this occurrence varies quite widely. A vestige 
of this lobe, covered with modified scales or fulcra, remains in adults 
along the dorsal border of the caudal fin (Agassiz, 1879; Mark, 1890). 

The exact relationship between size and age is not known but in 
general a gar 20 mm. in length is probably about two weeks of age. 
This might vary considerably with the individual, depending on en- 
vironment. 

MATERIALS AND METHODS 


Data were obtained from 217 specimens of short-nosed gar, size 
range 18.63 mm. to 591.00 mm.; 90 specimens of long-nosed gar, size 
range 12.89 mm. to 988.00 mm.; and 9 specimens ‘of alligator gar, 
size range 18.42 mm. to 1659.00 mm. All were taken from the Illinois 
River, principally from the vicinity of Havana, Illinois. Methods of 
preservation unfortunately were not uniform.* 

Measurements were made with an ocular micrometer, vernier cal- 
ipers accurate to the tenth of a millimeter, or large dividers and a 
standard meter stick as was most appropriate to the size of the indi- 
vidual. The regions measured were as follows:— 


A. Standard length—from tip of upper jaw to base of urostyle, the 
base of the urostyle being determined by the point of insertion 
of the uppermost caudal ray. 

. Region I—from tip of snout to the anterior border of the eye. 

. Region II—from anterior border of the eye to the insertion (ante- 
rior angle) of the pectoral fin. 

. Region I1I—from insertion of the pectoral fin to the insertion of 
the pelvic fin. 

. Region IV—from insertion of the pelvic fin to the insertion of the 
anal fin. 

. Region V—from insertion of the anal fin to the base of the uro- 
style (previously defined). 

G. Region VI—the length of the longest caudal ray. This overlaps 

Region V very slightly. 

H. Length of the lower jaw from the tip to the anterior border of 

the eye. 

Z. Diameter of the eye—measured from the anterior to the posterior 

of the bony ring. 

J. Cheek or opercle length—from anterior border of eye to the pos- 

terior edge of the bony opercle. 


SB b&b AB 


>| 


*Tables giving exact source, date, method of preservation, as well as a complete series 
of measurements for each individual, are available in thesis form in the library of the 
University of Illinois. The thesis also contains a large number of graphs which are 
not included here for lack of space. 
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K. Length of the urostyle. 

L. Number of rays in the caudal fin—counting only those longer than 
half the length of the longest ray. 

M. Length of the longest ray of the right pectoral fin. 

N. Length of the longest ray of the left pectoral fin. 

O. Length of the longest ray of the right pelvic fin. 

. Length of the longest ray of the left pelvic fin. 

. Length of the longest ray of the anal fin. 

. Length of the longest ray of the dorsal fin. 

. Length of the longest tooth (exposed portion). 

. Minimum thickness of the upper jaw. 

’. Width at the mid-point between the pectoral and pelvic fins. 

. Depth at the mid-point between the pectoral and pelvic fins. 


SANYO 


Certain additional measurements were taken on smaller numbers 
of specimens to test certain theories that arose. 

The chief criterion used in the separation of the very small members 
of the several species was a very large scale double log graph of the 
upper jaw length plotted against trunk length. The separation into 
three groups was quite distinct in most cases. Later several other 
possible sets of data were plotted to determine their value in separ- 
ating species. Head length plotted against trunk length was not so 
satisfactory. Length of caudal peduncle (Region V) plotted against 
depth of body was not conclusive over the entire size range, though it 
is sometimes given as a key character for adults. For the few speci- 
mens for which the measurement was available the width of the bill 
compared with its length was quite satisfactory in separating the ma- 
terial into three groups. 

Double log graphs were constructed comparing much of the data 
available with the length of Region II, the head, or with some other 
single region. The smaller division was chosen instead of some larger, 
more inclusive dimension such as standard length so as to involve 
fewer variable growth factors. Thompson (1934) showed that the 
relationship between the length of bill and the rest of body for the 
paddle-fish gives a sweeping curve when plotted on a double log grid. 
This was interpreted as being due to the complex of gradients present 
in such an inclusive area. A similar curve was found in these data 
when the length of the mandible is plotted against the rest of the 
body. The head region is used most often for the basis of comparison 
because it is most nearly at equilibrium and because it is early and 
clearly defined. Most curves so evolved are satisfactorily fitted by 
one or two straight lines. 

Values of « for the principal body segment were calculated by the 
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method of least squares. This constant represents the ratio between 
the growth rates of the two regions under consideration with refer- 
ence to the relative growth equation 


y=bxe. 
Curves for a few minor relationships were fitted by inspection and a 
values measured from the angles formed. 
RESULTS AND DiscussION 
The values of a for L. platostomus and L. osseus are given in 
Tables 1 and 2. It will be noted that the former species has three 


P TABLE 1 
VALUES OF a FOR VARIOUS Bopy REGIons oF Lepisosteus platostomus 
Region taken Region compared Size range 
asx ory 20-60mm. 60-140mm. 140-600mm. 
Region I Region I 1.82 0.90 0.90 
Region II Region II 1.00 1.00 1.00 
Region II Region III 1.10 1.10 1.40 
Region II Region IV 1.06 1.06 1.60 
Region II Region V 0.96 0.96 1.50 
Region II Region VI 2.52 1.02 1.02 
Lower jaw Region I 0.98 0.98 0.98 
Region II Longest tooth 2.15 (to 81.5mm.) 1.04 (rest of range) 
Region II Eye 0.90 0.90 0.90 
Standard Longest 5.30 (to 33.0mm.) 1.82 (to 346.0mm.) 0.94 (rest) 
length anal ray 
Longest Longest 1.06 1.06 1.06 
anal ray dorsal ray 
Standard Urostyle 1.02 (to 95.5mm.) 0.32 (to346.0mm.) 1.03 (rest) 
length 
Width region Region I 1.83 (to 250.0mm.) 0.46 (rest cf ranze) 
TABLE 2 
VALUES OF a FOR VARIOUS Bopy REGIONS oF Le pisosteus osseus 
Region taken Region compared Size range 
as x ory 12-50mm. 50-1000mm. 
Region II Region I 1.50 1.05 
Region II Region II 1.00 1.00 
Region II Region III 0.95 1.28 
Region II Region IV 1.06 1.25 
Region II Region V 0.92 1.16 
Region II Region VI 1.53 0.80 
Lower jaw Region I 0.96 0.96 
Region II Eye 0.92 0.92 
Standard Anal ray 2.80 (to27.5mm.) 1.28 (to174.0mm.) 0.85 (rest) 
length 
Longest Dorsal ray 1.06 1.06 


anal ray 
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distinct periods of growth while the latter has two. In both species 
the center of greatest growth is located anteriorly during the earlier 
periods and shifts posteriorly. Regions I and VI are exceptions to the 
gradient mentioned above and the a values are quite high. This is 
the usual course of organs arising late in the developmental period 
(Huxley, 1932, p. 139). The long-nose gar, it will be noted, has a 
lower a value for the early period of development. In view of the 
obvious difference in proportion between the bills of the two fishes 
and their standard lengths and the early age at which this becomes 
evident, this would seem at first thought to be very strange. How- 
ever, it has been noted by other investigators that a high rate of 
growth in one part may be accompanied by some increase in the rate 
of growth of surrounding regions (Huxley, 1932, p. 120 ff). If then 
the rate of growth of the head region was higher in the long-nosed 
species than in the short-nosed gar it would explain the above dis- 
crepancy and would account for the markedly lower rate of growth 
of the caudal fin (Region VI). 

The growth of the two jaws is nearly isometric with respect to 
each other, in both species. In a fish about 2.5 cm. long the upper 
jaw is about 25 per cent longer than the lower jaw but because of the 
very slightly higher growth rate of the latter this difference is reduced 
to 10 per cent or less in large specimens. Theoretically, a size would 
be reached at which the lower jaw would be the longer unless coeffi- 
cient of growth partition was altered. No such specimen has been 
observed. 

Although the fin folds are developed quite early the rays only begin 
to develop in the dorsal and anal fin folds in fishes 6-7 cms. long and 
in the paired fins of 11.00 cm. fish. The a values for the longest ray 
of each fin are extremely high in the first and rather high in the 
second stage (Figure 1). During the later stage they are nearly 
isometric. As was mentioned before, the early high rate is quite 
general among late developing organs and the later cycle of isometric 
growth seems to be rather typical. 

The teeth follow approximately the same sort of growth pattern as 
the fins. Teeth are already present in the smallest fish used in this 
study but are not present at the time of hatching. 

The equilibrium constant for eye size is 0.92 for L. osseus and 0.90 
for L. platostomus throughout the period studied (Figure 2). This is 
a contrasting case with that of the fins and teeth. The eye is dif- 
ferentiated very early in the development of the fish and is large in 
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FIGURE 1 
DovusLe Loc GRAPHS OF THE LONGEST ANAL FIN Ray AND THE UROSTYLE, EACH PLOTTED 
AGAINST STANDARD LENGTH 


proportion to the rest of the body in early stages. The eye in the 
large fish is proportionately very much smaller. Perhaps once the 
mechanism is complete there is no advantage or even some disadvan- 
tage in a very large eye. 

The curve generated by plotting the length of the urostyle against 
standard length on double log paper is unusual and quite interesting. 
Some description of the development of this organ is given in the intro- 
duction of this paper. It is present as the only caudal appendage of 
the fish at the time of hatching but after a few days the caudal rays 
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Dovusie Loc Grapus oF EYE DIAMETER PLOTTED AGAINST HEAD LENGTH AND Upper JAW 
LENGTH PLOTTED AGAINST LOWER JAW LENGTH 


develop in the ventral fin fold about a third of the distance from its 
tip to the anus. From this time up until the time when its vibratory 
motion ceases, its growth is nearly isometric (a—1.02) with respect 
to the standard length. After that time its relative growth rate falls 
to 0.32 (Figure 1). The free portion is being resorbed during this 
period but the portion in contact with the caudal fin continues to 
grow at a rate which keeps the total growth coefficient from being 
negative. It is this vestige which remains and grows at about the 
same rate as the whole body in the larger fish. This rate is now about 
the same as the caudal fin to which it is attached. 

The jaw width, taken at its narrowest point, was measured for a 
few specimens of each species and a double log graph of jaw width 
and jaw length was constructed. The alligator gar which has two 
rows of teeth instead of one as the other species have, has a wider 
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jaw in proportion to length than the short-nosed gar while that of 
the long-nosed gar is much narrower than either. The most interesting 
difference seems to be that while the jaw of both ZL. osseus and 
L. platostomus increases rapidly (a—1.83) in length with respect to 
width over the first period of development there is a distinct change 
in the latter species with a dropping to .46, while the former main- 
tains the earlier proportion. As nearly as could be ascertained from 
the small amount of available data the pattern for the alligator gar 
is the same as that of the short-nosed gar. 

Needham (1936), in his study of relative growth in the mandibles 
of various species of “billed” fish, included work on L. osseus. He 
found that the value of a for length of mandible compared with length 
of rest of body-is 1.9 for fishes until they reach 6 cm. in length and 
is 0.95 thereafter. The break occurs at approximately the same size 
as in the principal curves for the long-nosed gar presented in this 
paper. For purposes of comparison a double log graph was construct- 
ed incorporating both sets of data. The two groups of data coincide 
except in the range from 10-20 mm. The apparent differences may 
be due to the small sample of this size range, there being only five 
individuals in each set of data. 

Hammett and Hammett (1939) published the results of a study of 
the proportional growth of L. platyrincus DeKay, a southern form 
agreeing very closely with L. platostomus in adult form (Hubbs, a 
personal communication). The range of sizes used was from 39-133 
cm. This includes individuals comparable to the largest fish of our 
third growth cycle and which are much longer. They have con- 
structed arithmetic graphs of various dimensions compared with 
standard length. Since all these dimensions showed a straight line 
relationship with standard length they conclude that the relative 
growth is not logarithmic. However, if double log graphs are con- 
structed from their tables comparing the other dimensions with stand- 
ard length, the resulting straight lines, with one exception, all form 
an angle of 45° with the horizontal. The a value then is 1 and indi- 
cates a special form of the parabolic equation 


y—=bxa 


termed isometric growth. Although there is nothing in our data to 
suggest a period of isometric growth for many of the regions measured, 
it is possible that the reason that the Hammetts found no “growth 
cycle” was because they were dealing only with adults or specimens 
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which had obtained their adult proportions. It is also possible that 
the young of L. platyrincus does not follow a growth pattern similar 
to that of the northern species. The isometric growth pattern is 
usual among fishes, particularly teleosts. 


SUMMARY 


Growth of most regions in the gars, L. osseus and L. platostomus, 
is markedly heterogonic for the size range studied. 

There is no definite antero-posterior gradient along the main body 
axis, but the region of most rapid growth is located more posteriorly 
during the later stages of development. 

There is a period of very rapid growth soon after the development 
of a new organ followed by a period of isometric growth. 

The center of growth controlling the very rapid increase in size of 
bill in ZL. osseus seems also to influence the relative head length. 





The authors wish to acknowledge the helpful criticism of Dr. A. H. 
Hersh. 
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THE EFFECT OF NITRATE AND AMMONIUM ASSIMILA- 
TION ON CELL PROLIFERATION OF NOSTOC 
MUSCORUM* 


LEE WALP 


The Marine Experimental Station of The Lankenau Hospital Research Institute, and 
Marietta College 
(Received for publication, May 10, 1942) 


In a recent paper, Walp and Schopbach (1942) used different hydro- 
gen ion concentrations of Bristol’s medium which contained no NaNO; 
in the controls and with NaNOs in the tests, and found that Nostoc 
muscorum could grow without NaNOs. These experiments suggested 
that Nostoc muscorum received its nitrogen from some source other 
than NaNOs, either from air or as trace impurities from salts used 
in making up the culture medium. Allison, Hoover, and Morris 
(1937), in their review of the literature and in their own work, main- 
tain that Nostoc muscorum fixes nitrogen from the air. If this is 
true, there is the question as to what effect ammonium assimilation 
would have upon cell proliferation of Nostoc muscorum as compared 
with the assimilation of nitrate. Three sets of experiments were set 
up at pH 5.6, pH 7.1, and pH 7.9, using NaNOs as the source of 
nitrogen in the nitrate medium, and NH,:Cl as the source of ammonium 
in the ammonium medium. Materials and methods were essentially 
as described in previous papers from this laboratory; Walp (1939), 
Hammett and Walp (1939), Walp (1940). The Bristol’s nutrient 
medium previously employed was modified by substituting NH;Cl 
for NaNOs as the ammonium medium, and the pH was controlled by 
using various amounts of mono-, di-, or tri-potassium phosphate to 
give the pH 5.6, pH 7.1, or pH 7.9. All culture media were buffered 
so that the pH remained constant throughout the experiment. A 
Beckman pH meter was used to check pH at the beginning and at 
the end of each experiment. All media were prepared so that each con- 
tained identical concentrations of K+, Mg++, Cat+*, SO,=, PO, =, 
as well as nitrogen, whether it was in the form of NH: or NOs (see 
footnote in Table 1 for amount of salts used in the various media). 








*Aided by Grants from the International Cancer Research Foundation, and the 
Women’s Auxiliary of The Lankenau Hospital Research Institute for the Promotion of 
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All media were sterilized in the autoclave for a period of 15-20 minutes 
at 15 pounds pressure, and all the usual precautions against con- 
tamination were exercised. 

The table which contains the results of the experiments arranged 
according to pH range also gives the total number of cells grown in 
nitrate medium as well as the total number of cells grown in ammonium 
medium for the initial and terminal periods in each experiment, as 
well as the percentage increase and the differences between the nitrate 
and ammonium percentages. 

The total data in Table 1 shows one interesting trend, that is, that 
either nitrate or ammonium assimilation will increase cell proliferation 
of Nostoc muscorum, and that nitrogen in the form of sodium nitrate 
affects cell proliferation to a greater degree than does the ammonium 
chloride. Table 1 also indicates that pH directly affects proliferation. 
In comparing the three sets of experiments, it was found that there 
is an increase in the proliferation percentage differences between ex- 
periments employing nitrate as the source of nitrogen over those 
using ammonium as the source. Moreover, the percentage differences 
of the nitrate over the ammonium increase with the decrease in hydro- 
gen ion concentration. 


DISCUSSION 


Nostoc muscorum appears to grow almost equally as well in acidic 
ammonium as in an acidic nitrate medium, and in one experiment 
(Ex. No. 3) there was a slight increase in cell proliferation in favor 
of the ammonium medium. When Nostoc was grown in a neutral 
medium, there was a minimum difference of 22 per cent in cell 
proliferation between the nitrate and the ammonium media, as com- 
pared to a maximum of 8 per cent increase in cell proliferation of 
nitrate over ammonium in the acid medium. With the alkaline experi- 
ments, in which all experiments ran for a shorter period of time, Nostoc 
cell proliferation usually equalled or exceeded that of the neutral 
medium. Thus, these experiments show a definite tendency toward a 
greater percentage of cell proliferation difference of the nitrate salt 
over that of the ammonium salt with the decrease in hydrogen ion 
concentration, indicating that nitrate, at least in the form of NaNOs 
more effectively induces cell proliferation than ammonium in the form 
NH:Cl. 

The results of these experiments appear to agree with the results 
of the work done by Ludwig (1938) on Chlorella. In his studies, he 
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found that KNOs was a better source of nitrogen than the various 
organic ammonium compounds. Thus Nostoc, as well as Chlorella, 
is able to assimilate nitrogen from NOs more readily than from NH:. 
This is an interesting comparison, since Walp (1939-40) found that 
non-nucleated blue-green algae cells behave in the same manner as 
nucleated cells when the organisms were grown on sulfhydral (para- 
thiocresol) medium or on sulfoxide (cystine disulfoxide) medium. 
Thus, the experimental results recorded here add more evidence sup- 
porting the belief that the behavior of unorganized nucleated forms is 
similar to that of nucleated forms in so far as assimilation of nitrogen 
is concerned, whether or not they fix nitrogen from the air. Further- 
more, it is likely that Nostoc will assimilate nitrate or ammonium from 
the culture medium before it will fix nitrogen from the air. 


SUMMARY 


1. Nine sets of experiments with Nostoc muscorum were set up 
in Bristol’s media with NaNOs or NH:Cl as the source of nitroger 
so as to determine effect of nitrate and ammonium upon cell prolifera 
tion. Three sets of experiments were run at pH 5.6, pH 7.1, pH 7.9. 

2. The experiments show one trend, that is, that either nitrate or 
ammonium assimilation will increase cell proliferation of Nostoc, but 
that nitrate affects cell proliferation to a greater degree than does 
ammonium. 

3. It was also found that pH directly affects cell proliferation. 

4. In comparing the three sets of experiments, it was found that 
there is an increase in the proliferation percentage difference between 
experiments employing nitrate as the source of nitrogen over those 
using ammonium as the source. Moreover, as the percentage differ- 
ence increase becomes more pronounced, the hydrogen ion concentra- 
tion decreases. 

5. Thus it was found that the behavior of non-nucleated algae was 
similar to that of nucleated. 
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AGE AND WEIGHT CHANGES IN REACTION-TIME OF 
DAIRY CATTLE 


EuGENE B. Bropy 


Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 
(Received for publication, May 10, 1942) 


Some of the most interesting changes accompanying development 
and ageing are those related to the ability of an organism to adjust 
to changes in its environment. The speed of muscular reaction to an 
electric shock is indicative of the efficiency of one type of simple 
adjustment. The reaction time of white rats to a single electric shock 
of low intensity has been found to decline from about 0.055 seconds 
at birth to about 0.025 seconds at age three months and to rise in old 
age, reaching a level before death comparable to that just after birth 
as shown in Figure 1 (Brody, 1941). An opportunity presented itself 
to measure the reaction-time of cattle, and this paper reports the 
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AGE CHANGES IN REACTION-TIME IN ALBINO Rats 


179 





180 E. B. BRODY 


methods and results of such measurements and a comparison with 
the results on rats. 

The method of measuring reaction time in rats (placing the animals 
in an electrified cage mounted on tambours, and measuring reaction 
time by photographing the movement of the tambour indicator) is 
evidently inapplicable to cattle, and the apparatus shown in Figures 
2 and 3 was devised for cattle. 


METHODS 


The source of current was a six-volt battery stepped up by a coil 
from a Model T Ford. Since the amperage was minimal, the shock, 
in spite of the relatively high voltage, was of low intensity. It was 
administered for 0.01 seconds. The length of the time of shock was 
kept constant by a system of relays illustrated in Figure 2. To avoid 





ADJUSTABLE CONTACTS 


RUBBER STRIP 
LEATHER STRAP 


DETAIL OF RESPONSE STRAP 


— BATTERY 


sce RELAY ! 


RESPONSE 
STRAP 











STIMULUS STRAP 














| ie ANIMALS] LEGS 


TIMER, 





110 V.AC 
CIRCUIT DIAGRAM OF REACTION TIME APPARATUS 











FIGURE 2 
Crrcuir DIAGRAM OF REACTION-TIME APPARATUS 


the possibility of a purely local muscular reflex, the shock was admin- 
istered to a right hind leg, and the muscle response was measured on 
the left hind leg. The response unit consisted of two adjustable elec- 
trical contacts separated by an elastic strip. The separation of the 
contacts due to the expansion of the muscle broke the circuit indicat- 
ing the moment at which the response occurred. The response strap 
was fastened comfortably about the animal’s leg, as illustrated, and 
the contacts adjusted so that the degree of overlap of the contacts 
and the degree of tension of the strap was approximately the same 
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for all animals. There appeared to be no error due to these factors. 
The timing apparatus, Figure 3, consisted of a strip of paper ribbon 
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FIGURE 3 
Trminc Unit oF REACTION-TIME APPARATUS 


moved at a constant speed by a 1/20 horsepower synchronous motor. 
The speed of the paper ribbon was regulated by gears so that one 
millimeter on the paper represented 0.001 seconds. The synchronous 
motor was first turned on; a moment later the switch on the battery- 
coil circuit was thrown. The relay system simultaneously adminis- 
tered the shock to the animal and actuated a capillary fountain pen 
which made a transverse line on the paper ribbon. The expansion 
of the muscle on the opposite leg broke the circuit, and the pen moved 
back to its previous position. The distance between the transverse 
strokes of the pen on the paper ribbon was measured in millimeters, 
and from this the time elapsing between application of the shock and 
muscular response was determined. 

The apparatus was portable, the battery-coil circuit being placed 
in one small box, and the timing apparatus in another. The advan- 
tages of this timing device are that fine measurements are possible 
(interpolation is probably accurate to 0.0005 seconds), and that the 
synchronous motor runs independently of the recording unit. (In 
most electric timing clocks the synchronous motor in the clock begins 
to run at the moment when the stimulus is given and stops when the 
response occurs, involving a possible error due to the starting and 
stopping of the motor. We tested several samples of one of the best 
electrical timing clocks available, reading to 0.01 seconds, and found 
a variable error of about 0.02 seconds.) 
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Measurements were made under ordinary barn conditions. Three 
consecutive readings were obtained for each animal on two separate 
days. The mean of the two averages thus obtained was taken as the 
reaction time. 

RESULTS 


The speed of reaction to an electric shock in dairy cattle is shown 
plotted against age (Figure 4) and against weight (Figure 5). These 
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REACTION TIME OF CATTLE PLOTTED AGAINST AGE 


age and weight changes are not impressive. There is a range from 
about 0.036 to 0.136 seconds, the youngest and smallest animals react- 
ing the fastest. These results are different from that found in rats 
(Figure 1). The trend of the curve of reaction time versus weight 
is more constant than that with regard to age, indicating, perhaps, 
that mechanical factors related to the size of the animal (length of 
nerve path, amount of weight resting on leg being measured, etc.) 
have a greater influence on the reaction time than do certain physio- 
logic factors associated with growth and ageing. 

What are the factors which cause the difference in the curves of the 
rat data and of the data on dairy cows? The difference in scatter 
and in its pattern may be due to differences in methods of measure- 
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REACTION TIME OF CATTLE PLOTTED AGAINST WEIGHT 


ment. The stimulus was applied to the rats when they were perfectly 
quiet in a dark, soundproof room, and no appliances were attached 
to their bodies. The cattle, on the other hand, were measured under 
ordinary barn conditions with extraneous stimuli uncontrolled, and 
they were handled (strap was placed around each hind leg). The 
presence of the strap itself may have proved more disturbing to some 
animals than to others, resulting in differences in muscular tension 
between individuals. Again, the rats were resting with all four feet 
on an electric grid, and the sudden movement of the entire body in 
response to the shock was recorded. The cows, however, were meas- 
ured on a single leg, and any incipient shifting of weight from one 
leg to the other, with its associated changes in muscle tension, would 
have affected the reaction speed. 

The physiological factors may be similar in the two species, but 
the similarities may be masked by geometric, mechanical, and temporal 
factors. Thus the rat is short-legged resting its body on the ground, 
while the cow is long-legged resting its body high above the ground; 
the rat at birth is very immature while the calf at birth is quite 
mature, and so on. Cattle of advanced ages comparable to three-year 
rats were unavailable. 
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SUMMARY 


This paper reports quantitative data on reaction speeds of cattle 
to an electric shock and compares the results with those obtained on 
rats. An apparatus is described for measuring reaction rates in large 
animals. 
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